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In 17 healthy patients undergoing 02" N20' isoflurane anaesthesia, following atracurium or vecuronium administration, we compared simultaneous integrated evoked electromyograms (IEEMGs) during spontaneous recovery of the adductor digiti minimi (ADM) and orbicularis oris (OOM) muscle groups in response to train-of-four (TOF) stimulation of the ulnar and facial nerves, respectively. In all patients, the onset of neuromuscular recovery occurred first in the OOM. The time required to recover to a T4/TI = 0.70 • 0.01 (SD) was earlier in the OOM compared with the ADM muscles in both the
The importance of adequate reversal of muscle relaxants following a surgical procedure cannot be overemphasized. Accurate detection of any residual neuromuscular blockade predisposing the patient to respiratory muscle weakness is essential in order to prevent hypoventilation and/or upper airway obstruction. ~.z With the introduction of the peripheral nerve stimulator using train-of-four (TOF) and tetanic stimulation, the anaesthetist has a bedside monitor of neuromuscular function. 3'4 Studies stimulating the ulnar nerve and measuring the mechanical response of the thenar muscles have correlated degrees of neuromuscular blockade with indices of respiratory function. 5-8 Due to its accessibility and convenience, the facial nerve/muscle has also become a popular site for monitoring of neuromuscular blockade. Its efficacy, CAN J ANAESTH 1991 / 38:3 / pp318-23 however, as an accurate monitor to assess the degree of residual neuromuscular blockade and therefore to predict postoperative respiratory muscle function has not been well defined. Our study was therefore designed to study the relationship between the integrated evoked electromyograms (IEEMGs) of the hypothenar and facial muscle groups during recovery from neuromuscular blockade. We wished to characterize the time course of recovery of the T4T~ ratio from TOF facial nerve stimulation in relationship to ulnar nerve stimulation, and in particular, determine whether TOF stimulation of the facial and ulnar nerves provided similar information regarding recovery of neuromuscular function.
Methods
With institutional human subjects review board approval, 17 healthy patients (ASA physical status l-II) with no known renal, hepatic or neuromuscular disease, aged 18-61 yr were studied. General anaesthesia was induced with thiopentone (4-5 mg.kg-t), lidocaine (I.0 mg. kg -l) and fentanyl (3 I.Lg-kg-~). Tracheal intubation was facilitated with succinylcholine (0.5-0.75 mg.kg-t). Maintenance anaesthesia consisted of oxygen/nitrous oxide (FIO2 0.30-0.40 to maintain SaO2 -96% (Nelcor oximeter, Model NIO00) and isoflurane (0.5-1.0%
inspired). Positive-pressure ventilation was used to maintain normocapnia (Nelcor Capnograph, Model NI000). The two muscle relaxants were studied sequentially; nine patients received vecuronium and eight patients received atracurium. Simultaneous IEEMGs were recorded with surface electrodes from the OOM (facial) and ADM (hypothenar) using two Datex NMT 221 monitors (Puritan-Bennett) ( Figure I ). This monitor automatically delivers a supramaximal stimulus, stores the control response in memory and displays the subsequent response to TOF stimulation both as the ratio of the first twitch to control (TI/Tc) and the ratio of the fourth twitch to first twitch (TJT0. During the study continual recordings were made of the response to TOF supramaximal stimuli delivered at a frequency of 2 Hz to the ulnar and facial nerves every 20 sec.
Before control IEEMGs were recorded, at least 30 min were allowed to elapse following succinylcholine administration to ensure full recovery of the EMG. Atracurium For statistical analysis, comparison of the recovery time for each muscle group was made using paired Student's t test. Comparison between T4/T~ ratios of the hypothenar and orbicularis oris muscles when the latter was 0.70 was made using the Wilcoxin ranked-sum test. Results are expressed as mean ---SD.
Results
The anthropometric characteristics of the two groups are shown in Table ! . The time of onset of neuromuscular blockade was similar in both muscle groups. Figure 2 is a representative study comparing the TOF response in the face and hand following vecuronium administration. Although this particular study suggests a more intense block in the facial muscle, we found no significant difference in intensity of block between the two muscle groups following atracurium or vecuronium administration. Note the earlier recovery of the facial EMG. The orbicularis oris muscle group was first to recover in all cases. The OOM recovered to a T4TI ratio = 0.70 ---0.01 approximately 13 min earlier than the ADM muscle in both the atracurium and vecuronium groups (P < 0.01) (Table II) . When the OOM had recovered to a T4TI = 0.70 ---0.01, the corresponding T4TI of the ADM was only 0.29 +--0.15 in the atracurium group (P < 0.05) and 0.41 ---0.16 in the vecuronium group (P < 0.01) (Table  11I) .
Discussion
During the conclusion of a general anaesthetic, it is essential to detect any residual neuromuscular blockade prior to extubation of the trachea in order to prevent respiratory insufficiency as a result of obstruction of the airway due to upper airway muscle weakness. Presently there is no direct bedside method to measure the integrity of the upper airway muscles involved in maintaining patency and providing protection of the upper airway as well as the muscles of respiration. Historically, several clinical tests such as head-lift, 9 armlift I~ tongue protrusion and intensity of hand-grip ~ have been utilized to assess the adequacy of neuromuscular function and as indirect tests of respiratory muscle function. However, Our results indicate that the facial nerve/muscle preparation recovers faster than the ulnar nerve/hypothenar muscles; the OOM attained a T4T~ ratio of 0.70 by approximately 13 min earlier in both atracurium and vecuronium groups. At this time the T4T~ ratios of the ADM muscles were only 0.41 in the atracurium group and 0.29 in the vecuronium group. Our results are in agreement with previous studies 15-~7 which qualitatively indicated that the facial nerve recovered earlier than the hand muscles. Caffrey et al. k6 had previously compared the orbicularis oculi with the adductor pollicis as a monitoring site for neuromuscular blockade, and although they studied the MMG (mechanical myogram) and we used the IEEMG, the results are remarkably similar with the hand muscles lagging behind the facial muscles by approximately 13 min during recovery. In contrast, Paloheimo et al. m8 attempted to study the comparative IEEMG of orbicularis oculi and the hypothenar muscles and found the results to be too variable to be conclusive, although their results are consistent with an earlier recovery of the facial muscles. The variability in their study, an observation we had also made in earlier pilot studies, may be due to direct muscle stimulation. Such variability was not observed using the orbicularis oris as we had done in this study. Based on these findings, we conclude that adequate recovery of the EMG response to facial nerve stimulation is compatible with considerable residual neuromuscular blockade and therefore does not ensure adequate respiratory function. It should be mentioned that not all facial Mean ---SD. *P < 0.05, between muscle groups. tP < 0.01, between muscle groups. muscles behave in the same manner, as it has been demonstrated that the masseter muscle is more sensitive to neuromuscular blockade than the adductor pollicis. 19 Indeed, as a muscle partly responsible for maintenance of the airway, this sensitivity may account for the partial airway obstruction observed during recovery from neuromuscular blockade reported by Pavlin et al. ~3 However, clinically the masseter muscle is seldom used as a monitoring site for neuromuscular blockade.
As previous studies concluding that a T4TI ratio 0f0.70 is consistent with adequate recovery of respirator), function are mostly measured by MMG, a-6 our assumption that the information provided by the IEEMG is comparable to MMG needs to be addressed, Four separate studies comparing these two monitoring modalities, EMG vs MMG, have shown that the MMG consistently lags behind the EMG during recovery from a non-depolarizing neuromuscular blockade. 2~ However, in two of these studies, 22"23 the magnitude of these differences was relatively small and considered clinically unimportant. Our own study on correlation between IEEMG and respiratory function also confirmed that a T4T~ of >0.7 is consistent with adequate recovery. ~6 indicating a lag of the MMG utilized a halogenated agent to maintain anaesthesia whereas the studies by Harper 22 and Weber 23 indicating no significant disparity between the EMG and MMG, utilized a narcotic technique. Since the MMG is not only dependent upon neuromuscular transmission but also upon the contractility and loading of the muscle, the lag of the MMG may be explained by the effects of the halogenated agents upon these latter two factors. These considerations do not affect the validity of our study, since we did not use MMG, and the anaesthetic technique used would have little influence on EMG. However, they do lend further support to our contention that the OOM electromyography may not be a reliable indicator of the integrity of neuromuscular transmission as its recovery preceded ADM recovery in all cases. As well, observations made by Laycock et al. 25 and Donati et al. 26 that the diaphragm is more resistant to neuromuscular blockade than the thenar muscles suggest that this important respiratory muscle would also recover earlier than the thenar muscles. It is therefore probable that the recovery of OOM EMG may parallel that of the diaphragm and indicate at least the onset of recovery of respiratory function. Indeed, the relative time course of recovery of the diaphragm, orbicularis oculi (OOC) and adductor pollicus was recently studied by Donati et al. and the recovery potential of the diaphragm and OOC were shown to be quite similar. 27 More importantly, however, the recovery of the adductor pollicus occurred later than that of the diaphragm or OOC which suggests adequate recovery of other important muscle groups, i.e., upper airway muscles involved in airway patency, has not yet occurred.
In summary, the facial nerve/muscle preparation is a convenient and accessible site of monitoring neuromuscular blockade, and the orbicularis oris may be a better alternative to orbicularis oculi for EMG recording. However, similar to orbicularis oculi, its earlier recovery probably reflects the time course of recovery of the diaphragm and underestimates the recovery of other important muscles of respiration necessary to maintain a patent airway. We conclude that recovery of facial nerve/muscle EMG may not represent adequate recovery of respiratory function and emphasize the need for further clinical evaluation of adequate muscle strength.
